One of the most important issues in making a practically usable Lorentzian wormhole is just the traversability [1, 2] . To make a Lorentzian wormhole traversable, one has usually used an exotic matter which violates the well-known energy conditions [1] . For instance, a wormhole in the inflating cosmological model still requires the exotic matter to be traversable and to maintain its shape [3] . It is known that the vacuum energy of the inflating wormhole does not change the sign of the exoticity function. A traversable wormhole in the Friedmann-Robertson-Walker(FRW) cosmological model, however, does not necessarily require the exotic matter at the very early times [4] .
In this paper, we investigate the compatibility of a static wormhole with a minimal and a positive non-minimal scalar field. We also obtain the solutions to the matters and scalar fields in wormhole background. Furthermore, we find that the minimum size of wormhole should be quantized when appropriate boundary conditions are imposed for the non-minimal massive scalar field.
Firstly, we study the simplest case of a static Lorentzian wormhole with a minimal massless scalar field. The additional matter Lagrangian due to the scalar field is given by
and the equation of motion for ϕ by
The stress-energy tensor for ϕ is obtained from Eq. (1) as
Now the Einstein equation has an additional stress-energy tensor (3)
where
µν is the stress-energy tensor of the background matter that makes the traversable wormhole. Assuming a spherically symmetric spacetime, one finds the components of T (w) µν in orthonormal coordinates
where ρ(r, t), τ (r, t) and P (r, t) are the mass energy density, radial tension per unit area, and lateral pressure, respectively, as measured by an observer at a fixed r, θ, φ.
The metric of the static wormhole is given by
The arbitrary functions Λ(r) and b(r) are lapse and wormhole shape functions, respectively.
The shape of the wormhole is determined by b(r). Beside the spherically symmetric and static spacetime, we further assume a zero-tidal-force as seen by stationary observer, Λ(r) = 0, to make the problem simpler. Thus not only the scalar field ϕ but also the matter ρ, τ, and P are assumed to depend only on r. The components of T
µν in the static wormhole metric (6) have the form
where and hereafter a prime denoted the differentiation with respect to r. In the spacetime with the metric (6) and Λ = 0, the field equation of ϕ becomes
and the Einstein equations are given explicitly by
we are able to rewrite the Einstein equations as
Thus one sees that the conservation law of the effective stress-energy tensor T (w)
µν still obeys the same equation
We now find the solutions of scalar field and matter. To determine the spatial distributions of b(r), ρ(r), τ (r), P (r), and ϕ(r), we need one more condition for them such as the equation of state, P eff = βρ eff . With the appropriate asymptotic flatness imposed we find the effective matter as functions of r [4]
Since the scalar field effects changes just r −4 by the field equation (11), the matter is given by
For example, when b = b 2 0 /r, where β = −1 and b 0 is the minimum size of the throat of the wormhole, we obtain that
by assuming the boundary condition that ϕ > 0, ϕ| r=b 0 = ϕ 0 , and lim r→∞ ϕ = 0. Thus the scalar field decreases monotonically, i.e. ϕ ′ < 0, and the matter has ρ, τ, P ∝ r −4 .
Secondly we consider a general quadratic scalar field, whose stress-energy tensor is given by
where ξ = 0 for minimal coupling and ξ = 
For a non-minimal coupling there is a curvature effect of wormhole background to T µν and ϕ. The scalar curvature in the metric (6) with Λ = 0 is given by
and the components of the stress-energy tensor for the scalar field by 
Second, in the massive case, however, one has the energy parameter E = 2ξb 
